ABSTRACT. Given an irreducible inclusion of factors with finite index N C M, where M is of type III,X1/, N of type III,1/nX 0 < A < 1, and m,n are relatively prime positive integers, we will prove that if N C M satisfies a commuting square condition, then its structure can be characterized by using fixed point algebras and crossed products of automorphisms acting on the middle inclusion of factors associated with N C M. Relations between N C M and a certain G-kernel on subfactors are also discussed.
INTRODUCTION

ENM
Let N c M be an irreducible inclusion of type III factors such that M is of type III,\/jn and N of type III'/n,
where A E (0, 1), m, n are positive relatively prime integers, and EM: M -+ N is a normal faithful conditional expectation with finite index. We are interested in studying the structure of such an inclusion and its relevance to the classification problem. By the results in [17] , such an inclusion can be decomposed into separate sub-inclusions, each of which admits a simple description using automorphisms; more specifically, there exist type III, E N EQP Epm subfactors P and Q with N C Q c P c M and such that Ind(EM) m, Ind(EQ) -n. Moreover, P is the fixed point algebra of the restriction of a modular automorphism of order m on M, whereas Q is the crossed product of N with a modular automorphism of order n on N. As for Q C P, there exists a joint discrete decomposition in the sense that there exist type II,, factors Q? C P? and an automorphism 0 which acts simultaneously on Q? c PI with mod(0) = A and Q C P is isomorphic to Q?? xo Z c PI xe Z. The classification of these sub-inclusions is now well understood. For instance, the top and bottom inclusions P c M and N C Q are each uniquely determined (cf. [17] ) and the middle inclusion Q c P is classified by the type II core Q? c P?, the module of 0 and the standard invariant of 0 on the tower of higher relative commutants of Q? C P? by [23] .
Despite the success in classifying these separate sub-inclusions, it remains an open problem to classify the original inclusion N C M. In this paper, we continue to investigate the feasibility of characterizing the structure of a general inclusion of factors such as N c M in terms of automorphisms. First we observe that using Takesaki duality, we can find properly outer, periodic automorphisms ae and 3 where N1 is the basic construction of N C Q. We can then associate to N c M a G-kernel on Q c P, i.e., a homomorphism of the group G into Aut(P, Q)/ Int(Q), arising from the subgroup generated by a and 3 modulo Int(Q). We can then show that the isomorphism class of N c M is determined by the conjugacy class of the corresponding G-kernel.
We are thankful to the referee for bringing the results in [9] to our attention and for making several useful comments and suggestions. We also thank Prof. Hideki Kosaki for pointing out an error in Proposition 1 of the original version of this paper.
MAIN RESULTS
We begin by recalling the definition of commuting squares and some basic results about them that we will need. We now turn to the study of inclusions that satisfy the commuting square conditions explained above by means of the discrete decomposition. We recall the following result proved in [19] . Q.E.D.
Recall that if Ro is the hyperfinite type II, factor, then by [11] in the finite case, and by [20] in the amenable case, G-kernels of Ro are classified up to conjugacy by their obstructions as defined in [11, 25] , which are elements of H3(G, T): the third cohomology group of G with coefficients in the unit circle T. It would thus be an interesting problem to classify G-kernels on subfactors by their cohomological invariants, their standard invariants (cf. [18] ) and, in the case of type III, factors, their Connes-Takesaki modules.
